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ABSTRACT
Remotely sensed data and imagery have revolutionized the way we understand archaeological sites and landscapes. LiDAR/ airborne laser scanning (ALS) has been used to capture the often subtle topographic remnants of previously undiscovered sites even in intensely studied landscapes, and is rapidly become a key technology in survey projects with large extents and/or difficult terrain. This paper examines the practical application of this technology to archaeological in Cambodia. ALS applications for site prospection and demarcation, and Viewshed analysis is explored in this section. Following this, we will explore how ALS has been used to support two recent applications: the successfully nominated Monumental Earthworks at Poverty Point, USA and the recently nominated Orheiul Vechi Archaeological Landscape in Moldova. We propose that the detail offered by ALS data greatly strengthens nomination dossiers by emphasizing the outstanding universal value of sites, highlighting significant features and providing greater context to wider landscapes, and is particularly efficacious in delineating site boundaries for legal protection and long-term management. Finally, we conclude with a look at some of the practical considerations involved in the use of ALS including access and training.
PAPER STRUCTURE AND OVERVIEW

PART I -INTRODUCTION Introduction
This paragraph introduces the term ALS and the current state-of-the-art in archaeology. It makes a case for the publication as a specific piece focusing on ALS as applied to WHS. It also outlines the four examples which will be used in the paper.
Airborne Laser Scanning -An Overview
This section provides a brief overview of the technical aspects of ALS including basic terminology. It explores resolution and the different between returns. Surface models and derivatives useful for prospection are then introduced.
PART II -ALS AND WORLD HERITAGE Some Uses of ALS for Management of World Heritage Sites
This section explores why ALS should be used at world heritage sites with a particular focus on legislation. It sets up the context for the paper's case studies by proposing three primary uses for ALS: site prospection, inventorying and management applications (for both research and day-to-day management purposes) and research into the OUV of sites.
ALS at Established WHS: Ongoing Research and Inventorying
This section introduces the ALS project at Angkor and how it can be used to answer long-standing research questions about already well-studied sites. It also exploreshow ALS has been used for inventory work done at the Brú na Bóinne.
This section continues exploring how ALS was used at the Brú na Bóinne, focusing on viewsheds from the primary sites in the WHS. A more recent example of a similar exercise from the 2015 Stonehenge, Avebury and Associated Sites World
Heritage Site Management Plan is also presented.
ALS at Tentative WHS: Boundary Demarcation and Studies of OUV
The availability of ALS data from non-archaeological sources is discussed here. It is suggested that, while not ideal, this data can still be very useful in the nomination process. Boundary demarcation is a key part of the nomination process. This section presents results from an ALS survey project undertaken as part of the dossier for the nominated (pending) site of Orheiul Vechi, Moldova. Establishing the OUV of a prospective WHS is essential to inscription. This section explores how ALS data can be used to explore this OUV at Poverty Point, USA, using viewshed analysis to explore the spatial syntax of the landscape.
PART 3: ALS AND WHS: SOME PRACTICAL CONSIDERATIONS
ALS and WHS: A Review
This section summarizes the key points from the article; specifically, the value of ALS in border and boundary demarcation, and its ability to add to the OUV of tentative and established WHS.
ALS: Access and Training
This section will explore some of the practical considerations around using ALS at WHS including access and training. It will suggest that there is considerable costbenefit in obtaining and using ALS at WHS, and suggest some avenues for funding access and training. The application of airborne laser scanning (ALS) -more commonly known as light detection and ranging or LiDAR -to world heritage sites (WHS) is explored in this paper. The acronym ALS is preferred which differentiates between terrestrial laser scanning devices like total-stations (TST) and airborne platforms which mount sensors on aerial devices (after (Opitz & Cowley 2013) . The state-of-the-art of ALS as applied to archaeological landscapes has been reviewed in two recent volumes (Harrower & Comer 2013; Opitz & Cowley 2013) . Unsurprisingly these have focused on both methodology and prospection, however a number of chapters record applications at World Heritage Sites, including two examples from Ireland at the Bend in the Boyne and at Skellig Michael (Megarry & Davis 2013; Corns & Shaw 2013) . ALS has been collected and used at a number of WHS. Results from these projects are spread across specialist journals and publications but none approach how ALS may be applied specifically in a WHS context. Some of these applications are discussed and presented in this paper, including using ALS for archaeological site prospection and inventorying and boundary demarcation, and how high- ALS sensors capture elevation values as cartographic 3-dimensional points using lasers, a sensor and geographical positioning systems (GPS). The laser is emitted and the sensor records the precise distance between itself and the object or point being measured. A GPS is then used to locate that point in Cartesian space. Most ALS systems can record multiple elevation values in very close proximity to each other and each value is called a 'return'. When the laser is reflected before it reaches the ground, the value is called the 'first return'. The final reflection is called the 'last return', and this point often represents the ground surface. First returns can be anything from power lines to tree canopy, and despite the very fine resolution of most ASL instruments it should be stressed that ALS cannot penetrate foliage or structures themselves, and so last returns do not necessarily reach ground level. If foliage is dense, transmitting many points of light per square meter can increase the probability that some will reach and be reflected by ground surface, but does not guarantee it. For this reason, autumn or winter ALS recording is preferable for regions with deciduous forests. The number of points captured will affect the final resolution of the dataset.
Conclusion
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While the resolution of ALS varies considerably, it is now possible to get surface models which capture terrain elevation every 10 cm. The resolution, and often the ability to record points beneath vegetation, will initially depend heavily on two technical factors: the instrument or system, and the platform. There are a range of ALS systems including discrete return platforms which capture a single point, and the more detailed full waveform ALS which captures the intensity of the signal at regular intervals. These systems can be carried on different platforms like helicopters, airplanes, and unmanned aerial vehicles. The speed of the vehicle can influence the capture speed and the resolution of the data captured. An enormous amount of data is captured which needs to be filtered and cleaned before it can be used. During this post-processing stage returns are classified between first and last. This process is time-consuming and requires a great deal of care, especially when processing data from archaeological landscapes where low-lying features can be inadvertently misclassified.
Terrain models are surfaces (rather than points) which allow users to visualize topography. Digital terrain models (DTM) record the first ALS returns while digital surface models (DSM) record the last or final returns. The elevation data in these models can be used in a GIS for modelling, including hydrological studies and visibility analysis (for a good overview of raster analysis in GIS see (Conolly & Lake 2006) . It is also possible to generate derivative models which can be used for archaeological prospection -much of the recent literature on ALS has focused on these surfaces. Hillshade and multi-directional hill shading model the shadows cast by sunlight from different angles and orientations (Challis et al. 2011) . These shadows can exaggerate even low lying topographic features. Other derivatives include Skyview factor which is an estimate of the visible area of sky from a terrestrial viewpoint, and can be used to avoid the pitfalls of direct illumination techniques by providing 'diffuse lighting' visualization (Zakšek et al. 2011) . Rugosity or terrain ruggedness has been a common geographic calculation for decades and frequently sees use in land-form and/or -cover classifications. Local relief modeling (LRM), here used after Hesse's implementation in Baden-Württemberg, targets these small scale elevation changes more aggressively by actively classifying physiographic changes out of the visualization with lowpass filtering (Hesse 2010) . These derivatives all have the same purpose -to identify topographical features which represent archaeological activity. The efficacy of each technique will differ based on the landscape but together they represent a tried and tested toolkit for remote prospection using ALS.
It should be stressed that ALS is best applied as part of a prospective remote sensing toolbox. Angkor, Cambodia. Both of these examples will be discussed in this section. ALS has been collected at some of the most important WHS. One of the earlier examples focused on the Stonehenge landscape, where the authors noted the potential of ALS for site prospection and inventorying. They also realized that ALS provides more than just a tool for prospection; it can also be used to facilitate the management of archaeological landscapes. They noted that, 'The composition of management plans and conservation plans, in particular, are enriched by lidar information and the facility for demonstrating the historic assets of landscapes in a highly accessible manner is of the greatest value to resource managers' (Bewley et al. 2005) . Enriching the site inventory is of course central to the ongoing management of any site in a greater landscape context and this management premise has been behind the prospection of countless new archaeological sites at places like Bru na Boinne, Ireland and Angkor, Cambodia. Both of these examples will be discussed in this paper.
ALS prospection has been used to answer specific research questions about important landscapes. From a WHS perspective, it can also be used to better understand the importance or OUV of a landscape. This process is essential for nominations to the World Heritage List and an example from the recently inscribed property at Poverty Point, USA is presented in this paper.
For properties inscribed before 1998, a retrospective statement of OUV is required and insights from ALS studies can inform these statements (WHC Operational Guidelines 2015, Paragraphs 154 -155). When OUV is already well established, ALS can be used for the ongoing monitoring and study of WHS. This is especially true in densely forested landscapes like at Angkor, Cambodia where ALS has captured information on architecture and urban growth of the site, much of which is under dense foliage. Obtaining such information using traditional methods would be time-consuming to the point of redundancy.
The detail captured by ALS enables researchers to ask questions at a previously unavailable anthropogenic scale (Golden & Davenport 2013) In 2012, a 370 km² ALS survey was undertaken of the landscape around Angkor in northwest Cambodia (Evans et al. 2013) . Full waveform ALS data was captured at a resolution of four to five points per square meter. Following processing, ground returns with a resolution of two points per square meter were used to generate a digital terrain model which was in turn used to create derivative surfaces like hillshade and localized relief models (Hesse 2010) . Results were truly amazing and transformed how scholars understood the city at Angkor and its hinterland. The known extent of the city increased from 9 km² to 35 km², with streets, temples and vernacular buildings visible over a huge area, organized in a highly formalized cardinally aligned grid. It was also possible to trace the spatiotemporal evolution of the cityscape around a complex and highly structured water management system. At Angkor ALS was not just used for site prospection, it was used to answer long-standing questions about the size, organization, rise and decline of the site. It should be noted that results from ALS need to be interpreted as part of a larger research framework as it cannot provide specific information on chronology. ALS allows us to see what is there, but it takes a trained eye to interpret it. There can be little doubt that this study significantly added to the OUV of the site, specifically elements which contribute to the original WHS selection suggests that the ALS data could be used to reassess the boundaries of the core area of the site, especially to the south where there has been some confusion (Smyth et al. 2009 ).
WHS Operational Guidelines state that buffer zones should include 'the immediate setting of the nominated property, important views and other areas or attributes that are functionally important as a support to the property and its protection' (WHC Operational Guidelines 2015 Article 104).
The Brú na Bóinne landscape is low-lying with a gentle gradient. As a result, even subtle changes to the environment can have a significant impact on viewsheds to and from key locations. ALS was used to explore both prehistoric and contemporary viewsheds (Davis et al. 2010 Data collected for environmental and infrastructural projects can often be used for cultural resource management and damage mitigation, and can play a key role in the nomination of tentative sites to the World Heritage List. While there is often little control over resolution, the considerable benefit to using this data will be explored in this section by looking at case studies from Orheiul Vechi, Moldova and Poverty Point, USA. The benefits adduced from the inclusion ALS for WHS management both during and after the nomination process share a core set of attributes: the noninvasive nature of the technology, high fidelity of the data, and the ability to produce a series of question-oriented surface models. The ongoing benefit of ALS will be reviewed in this section, as will a brief discussion on accessibility and training. -SOC -1181) . ALS is a powerful tool for border and boundary demarcation at both tentative and inscribed WHS.
As seen at both Poverty Point and Orheiul Vechi, ALS also has the ability to strengthen nomination dossiers through increased understanding of the tangible and intangible qualities of the properties. Whether through the discovery of new features within a well-studied landscape or explaining how existing features relate to the landscape at larger scales, the inclusion of ALS analyses as a part of the nomination process can make an eloquent (and non-destructive) case for OUV without disturbing the integrity of extant structures and deposits. (Chase et al. 2011 ) survey at Caracol, and in areas that can afford the initial outlay, the ultimate price of ALS is in many cases much cheaper and more effective than the equivalent landscape data gleaned from wide scale pedestrian survey. There are continued cost benefits to acquiring ALS. Corns and Shaw note that one of the unexpected benefits of using ALS at the Brú na Bóinne was that the overall quantity and quality of research improved. By making the data widely available, other projects were able to gain insights into landscapes which had already been intensely studied (Corns & Shaw 2013) . Considerable effort is also being put towards developing lower cost UAV platforms for ALS instruments, which will drastically reduce the price of chartering flights. That said, at present it is still the case that data products are much more likely arrive downstream from municipal studies or other engineering applications. For both the Orheiul Vechi and Poverty Point examples, the data were collected for disaster management. As mentioned above, the metadata for the Louisiana data collection the data collection was calibrated to produce 5 m digital elevation models and interpolated 2 foot bare earth contours, georeferenced to NAD83 horizontal and NAD88 vertical datum points (Cunningham et al. 2002) . While we were unable to obtain the metadata for the Orheiul Vechi ALS data, it proved sufficiently high resolution to produce 50 cm and 1 m DEMs. In both cases the data were filtered to last returns to produce bare-earth digital terrain models. In this case re-processing was essential as protocols used for engineering often introduce considerable smoothing to the data, potentially classing out low-lying features. This paper has shown the value of this 'second hand' data in Moldova and the USA.
Historically, processing and visualizing data have been the purview of highly specialized experts either working in conjunction with archaeologists and heritage management professionals or data captured downstream from completely independent studies (i.e. engineering, development, disaster risk). The examples we present above straddle a significant skills gap -the Orheiul Vechi Point space syntax analysis bolstered the nomination dossier for the site and suggested ways that the monumental earthworks there were used to organize the ancient societies that constructed them. ALS analysis was used to set boundaries at Orheiul Vechi for the area nominated to the World Heritage List and also for buffer zones. As with Poverty Point, ALS also provided material that strengthened the nomination dossier with the discovery of major forts and defensive walls dating to the Bronze Age and Medieval times. There are many other areas where ALS holds enormous potential. At Petra, Jordan, for example, an increase in impermeable surfaces outside of the buffer zone increased the force and volume of very modest seasonal rainfall drainage to deleterious levels, rapidly weathering the sandstone facades that make the site iconic (Douglas C. Comer 2011). ALS would provide a high resolution surface ideal for modelling solutions. While practical and financial obstacles remain, the ongoing cost-benefit of ALS at WHS is considerable and worth investment, representing an enduring investment for site management. ALS data sets can sometimes be obtained from organizations that have acquired
